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ABSTRACT
BACKGROUND: The formation of primary and secondary motion deficit in the knee complex area is due 
to polyethiologic  musculoskeletal dysfunctions as a consequence of multiple traumas, injuries and pre-clin-
ical conditions. 
INTRODUCTION: In this article we present the final effect of the application of complex soft tissue a 
manual treatment system for the recovery of joint kinematics in patients with a moderate and minimal pro-
tective period of rehabilitation after arthroscopic meniscectomy. 
MATERIAL AND METHODS: The study was conducted in 2005-2012  at three medical centers in Bulgar-
ia: Blagoevgrad, Sofia and Pleven. The study included a total of 110 patients divided into three groups (Con-
trol Group, Experimental Group I and Experimental Group II)  which studied the effect of the topical appli-
cation of the manual therapeutic techniques compared to the traditional rehabilitation methods applied.  In 
order to test the efficacy of a treatment approach in the three groups of patients, the results have been pro-
cessed by the method of variational analysis. 
RESULTS: After an analysis of the results we  found a significantly  fuller and without residual short viola-
tions recovery for all controlled parameters in patients who have implemented comprehensive  manual ther-
apeutic treatment compared with the patients from the control group. 
CONCLUSION: Application of adequate physiological and pedagogically grounded complex rehabilitation 
is required in patients after arthroscopic meniscectomy model with motor deficits in tractable routine reha-
bilitation. Observations allow us to offer a methodology  to be  implemented in the general practice rehabil-
itation  of patients after meniscal ruptures treated by arthroscopic meniscectomy and motor deficits,  who 
cannot benefit from routine rehabilitation.
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INTRODUCTION
One of the most common inner joint traumas in 
clinical practice, is that of the knee menisci (1,2). The 
great social importance of meniscus ruptures (3,4) 
motivates us to study the disruption in the joint me-
chanics and use some modern methods of musculo-
skeletal physiotherapy, targeting the correction of the 
motor deficit and the restoration of joint mechanics. 
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This is the basis for building and realization of the 
full functional recovery in patients after arthroscopic 
meniscectomy in which typically applied rehabilita-
tion does not give the desired results. We applied bio-
mechanical and pathophysiological soft tissue meth-
ods grouped in an appropriate system, never before 
administered to patients with motion deficiency and 
arthroscopic meniscectomy.
METHODOLOGY OF SCIENTIFIC 
RESEARCH
Purpose of the Scientific Research
The purpose of this scientific research is a com-
plex evaluation of the administered motion program, 
including manual therapeutic techniques aimed at 
restoring the arthrokinematics of the knee in pa-
tients with motion deficiency and arthroscopic men-
iscectomy, as well as its clinical approbation.
Tasks of the Study
 ❖ Analysis of the pathomechanical factors for 
motion deficiency of the knee in patients with 
meniscus ruptures, after arthroscopic menis-
cectomy surgery.
 ❖ Study and analysis of the mechanisms for dis-
rupting the arthrokinematics of the knee in pa-
tients after arthroscopic meniscectomy.
 ❖ Analysis and correction of the musculoskeletal 
dysfunctions violating knee arthrokinematics 
after arthroscopic meniscectomy surgery.
 ❖ Developing a  kinesiology- and  physiology-
based approach for recovery of knee kinemat-
ics after arthroscopic meniscectomy, in cases 
of motion dysfunction unaffected by routine 
rehabilitation.
 ❖ Applying the combined method on suitable pa-
tients grouped by identical criteria.
 ❖ Analysis of the results and conclusions regard-
ing the effect of the motion program for recov-
ery of knee kinematics after arthroscopic men-
iscectomy and motion deficiency.
METHODS OF MONITORING
!e following methods have been used to 
register the signs of the observation.
Clinical Observation
It covers the history of the condition 
including  description of the mechanism of the injury, 
clinical diagnosis and concomitant pathologies (if 
any), the date and type of surgical treatment.
Functional Diagnostic Methods
With the aim of establishing the rehabilita-
tion potential, we selected monitoring the effects of 
the treatment (angulometry, girth measurements, 
manual muscle testing, static muscular endurance 
tests, gait testing) as well as determining the con-
traindications for applying the method. 
MATHEMATICAL AND STATISTI-
CAL METHODS
In order to the efficiency of the therapeutic ap-
proach in the three patient groups, we processed the 
results using the variational analysis method. The 
software packages used for the analysis are: MS OF-
FICE 2010 applications Excel 2010 and SPSS 17.0. For 
this purpose we entered the data of each patient of 
the three groups reflecting only the beginning and 
end results. We determined the guaranteed probabil-
ity (P) for each of the survey indicators and the level 
of significance (α) reflecting the risk of errors when 
accepting a true alternative hypothesis.
The general aggregate of sampling is considered 
by the variation analysis, therefore the decisions have 
got a probabilistic nature. Therefore, in our study we 
determined the guarantee probability (P) for each of 
the indicators and the level of significance (α) reflects 
the risk of errors in the acceptance of a true alterna-
tive hypothesis. We used the standard values for the 
guarantee probability (P) and a significance level (α):
 ❖ P=95%, which corresponds to α=0.05 (5% error 
margin). 
 ❖ Р=99%, which corresponds to α=0.01 (1% error 
margin). 
 ❖ Р=99.9%, which corresponds to α=0.001 (0.1% 
error margin).
For statistical verification of results we have 
used the independent  Student’s t-criterion calculat-
ed via a formula. To determine the tabulated value 
of  a criterion  ( criterion α) it is taken from the sta-
tistical tables depending on the degrees of freedom 
(k) and the level of significance (α). For independent 
samples, we calculated the degree of freedom by the 
standard model (k = n1 + n2-2, where n = the num-
ber of compared cases). To establish the level of sig-
nificance (α) we compared the calculated t-criteria at 
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standard tabular value.  In order to take decisions, 
we compared the empirical value (calculated accord-
ing to data from the sample) with the tabulated value 
of the criterion.
Number of Observed Patients, Time and Place 
of the Study
The total number of patients under observation 
was 110 people. They were selected randomly accord-
ing to the indications for the experimental method. 
They were divided into three groups:
1. Experimental Group I. It consists of 30 people 
treated by the methods of classical physiother-
apy used after arthroscopic meniscectomy (1,5) 
surgery including a pain -relieving mobiliza-
tion stretching of the knee.
2. Experimental Group II. It includes 50 patients 
treated by the methods of classical physiother-
apy used after arthroscopic meniscectomy sur-
gery including a pain- relieving mobilization 
stretching , Mulligan (6) and Maitland (7) joint 
mobilization techniques and mobilizing mus-
cular stretching of the knee. A controlled group 
is used to compare the results of the  analysis.
3. Control Group. It includes 30 patients main-
ly treated with active medical means in accor-
dance with the concept of classical physiothera-
py procedures (1,5) during the moderately pro-
tective period.
COMPARATIVE ANALYSIS AND 
DISCUSSION OF CHANGES IN THE 
FUNCTIONAL AND DIAGNOSTIC 
INDICATORS IN THE THREE PA-
TIENT GROUPS
To determine the final effect of applying the 
tested softtissue manual therapeutic method to 
restore the arthrokinematics of the knee in patients 
with arthroscopic meniscectomy and motion 
deficiency. The results are processed and analyzed 
according to the standard principles for conducting 
such studies.
Results of Goniometry of the Knee
To summarize the results of the study of knee 
flexion: the greatest improvement is in patients from 
EG II (38.60°), followed by EG I (27.33°) and CG 
(21.83°). When comparing the results of CG and EG I 
there is a distinct improvement in patients from EG I 
with 5.5° (t=5.38; a<0.001; P=99.9%). When compar-
ing the results of CG and EG II there is a difference 
of 16.77° (t=17.65; a<0.001; P=99.9%) in favor of the 
tested complex method. When comparing the results 
of EG I and EG II there is a distinct improvement 
in patients from EG II of 11.27° (t=15.72; a<0.001; 
P=99.9%) (Fig. 1, Table 1). 
From the study of knee extension in patients 
from EG I there is an average improvement of 13.83° 
Fig. 1. Average improvement of angular movements in 
the sagittal plane (ΔX) in three groups of patients. CG 
- control group; EG I - experimental group I; EG II - 
Experimental Group II
Movement Group ∆X S t α P%
Flexion
CG 21.83 4.64 25.77 <0.001 99.9%
EG I 27.33 3.14 47.61 <0.001 99.9%
EG II 38.60 3.03 89.86 <0.001 99.9%
Extension
CG 13 4.27 16.65 <0.001 99.9%
EG I 13.83 3.63 20.81 <0.001 99.9%
EG II 16.20 2.77 41.24 <0.001 99.9%
Table 1. Statistical analysis of the results of anglometriy on knee complex at patients in all three groups. CG - control 
group; EG I – Experimental group II; EG II – Experimental group II.
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(S=3.63). The results have a high degree of statistical 
authenticity here as well (t=20.81; a<0.001; P=99.9%) 
(fig.1, table 1). The average improvement of extension 
in EG II is 16.20° (S=2.77). The statistical authenticity 
is very high (t=41.24; a<0.001; P=99.9%) (fig.1, table 
1). In patients from CG there is an average improve-
ment of 13° (S=4.27). The statistical authenticity is 
very high (t=16.65; a<0.001; P=99.9%) (Fig. 1, Table 1).
To summarize the results of the study of 
knee extension: the greatest improvement is in pa-
tients from EG II (16.20°), followed by EG I (13.83°) 
in comparison to CG (13°). The analysis of the re-
sults shows a significant difference between the re-
sults of improvement of knee extension in CG and 
EG I (ΔX=0.83°; t=0.81; α>0.05; P<95%). The result 
of the measured indicator between EG II in compar-
ison to the other two groups has a statistically sig-
nificant difference (a<0.001; P=99.9%). The average 
difference of improvement of knee extension in pa-
tients from EG I and EG II is 2.37° (t=3.07; α<0.001; 
P=99.9%) (Fig.1, Table 1); in comparison to the re-
sults of CG where the average difference of 3.2° in 
favor of the results of patients from EG II (t=3.66; 
α<0.001; P=99.9%) (Fig. 1, Table 1).
After the compared analysis of the results from 
the standard goniometry in the three patient groups 
we made the following summaries and discussion:
1. All patients taking part in this study have been 
found to have a significant positive dynamic in 
the restoration of the knee motion. The analy-
sis of the results shows a significant improve-
ment in patients from Experimental Group II, 
followed by Experimental Group I and the Con-
trol Group.
2. The conclusion from the analysis, regarding 
the effectiveness of the tested manual therapeu-
tic method, is that applying elements from the 
joint mobilization techniques of Mulligan and 
Maitland, pain relieving and analytical muscle 
stretching is the most effective combination  to 
restore the physiological motion of the knee in 
patients with arthroscopic meniscectomy and 
motion deficiency.
Hip girth measurement
When we measure hip circumference of stan-
dard 1st level (5-7 cm cranial from tuberositas tibiae) 
it occurs  as a distinct outcome in patients - contin-
gent EG II (1.42 cm), followed by those in the com-
position of the EG I (1.18 cm) compared with CG 
(1.12 cm). When we measure hip circumference of 
the standard 2nd level (10-12 cranial from tuberositas 
tibiae), we establish the greatest improvement in pa-
tients from EG II (2.48 cm), followed by the results of 
EG I (2.03 cm) and CG (1.95 cm). Results of the study 
are presented in Table 2.
Manual muscle testing
To verify the degree of muscle weakness in the 
patients - contingent of study, we tested the major 
muscles in the knee complex: mm. quadriceps fem-
oris; tensor fascia latae; semimembranosus; semi-
tendinosus and biceps femoris. We present the data 
in a tabular form (Table. 3).
Testing of isometric muscle endurance
In order to verify the final effect from the treat-
ment, respectively, the restored contractile muscle 
performance in isometric mode, we have applied the 
analytical test of timing of individual sections for m. 
quadriceps femoris. The presented results are syn-
thesized in Table 4.
Level Measurement Group ∆X S t α P%
1st level
CG 1.12 0.22 28.43 <0.001 99.9%
EG I 1.18 1.18 26.44 <0.001 99.9%
EG II 1.42 0.19 54.22 <0.001 99.9%
2nd level
CG 1.95 0.30 35.16 <0.001 99.9%
EG I 2.03 0.13 87.79 <0.001 99.9%
EG II 2.48 0.20 87.23 <0.001 99.9%
Table 2. Statistical analysis of the results obtained by measuring the hip laps at patients in all three groups.
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Testing gait without facilities
1. Testing the step length of the operated lower 
limb to cover the distance of 5 m
Analysis of results showed the clear positive dy-
namics in patients EG II (19.26 cm.), followed by EG 
I (12.3 cm.) and CG (10.86 cm.).
2. Testing the number of steps to cover  the dis-
tance from 5 m
Analysis of results showed the greatest im-
provement of controlled parameters in patients from 
EG II (3.12 n.) followed by CG (2.5 n.) and CG I (2.3 
n.). The data are synthesized in Table 5.
Group Tested muscle ∆X S t Р %
CG
M. quadriceps femoris 0.60 0.20 16.15 99.9
M. tensor fascia latae 0.70 0.25 15.38 99.9
MM. semitendinosus et semimembranosus 0.78 0.25 17.02 99.9
M. biceps femoris 0.75 0.25 16.15 99.9
EG I
M. quadriceps femoris 0.75 0.28 14.35 99.9
M. tensor fascia latae 0.81 0.20 16.08 99.9
MM. semitendinosus et semimembranosus 0.88 0.28 17.02 99.9
M. biceps femoris 0.86 0.29 16.26 99.9
EG II
M. quadriceps femoris 1.07 0.17 43.17 99.9
M. tensor fascia latae 1.07 0.18 43.17 99.9
MM. semitendinosus et semimembranosus 1.09 0.19 39.72 99.9
M. biceps femoris 1.08 0.18 41.24 99.9
Table. 3. Statistical analysis of the results from MMT of major muscles in the area of the knee, in patients from all three 
groups
Group Tested muscle ∆X S t Р %
CG
M. rectus femoris 25.33 4.90 28.31 99.9
M. vastus medialis 28.83 3.39 46.52 99.9
M. vastus lateralis 24.66 3.92 34.42 99.9
EG I
M. rectus femoris 29.03 6.40 24.81 99.9
M. vastus medialis 33.4 2.15 84.72 99.9
M. vastus lateralis 31.8 1.76 98.43 99.9
EG II
M. rectus femoris 37.04 2.05 127.14 99.9
M. vastus medialis 39.58 1.40 199.76 99.9
M. vastus lateralis 38.88 1.76 155.44 99.9
Table. 4. Statistical analysis of the results obtained after testing the isometric muscular strength in the patients of the 
three groups
Indicator Group ∆X S t P%
Step width
CG 10.86 1.25 47.53 99.9
EG I 12.3 1.11 60.21 99.9
EG II 19.26 1.17 115.93 99.9
Number
of steps
CG 2.5 0.50 26.92 99.9
EG I 2.36 0.49 26.44 99.9
EG II 3.12 0.32 67.20 99.9
Table 5. Statistical analysis of the results of testing of lo-
comotor abilities to overcome the distance of 5 m, without 
facilities in patients in all three groups
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CONCLUSIONS
Based on the results of the study, we present the 
following conclusions: 
1. Application of adequate physiological and ped-
agogically grounded physiotherapy (PT) is re-
quired in patients after arthroscopic meniscec-
tomy model with motor deficits who show no 
improvement with routine rehabilitation.
2. Each of the three PT complex speeds up recov-
ery and return patients to everyday life.
3. The inclusion of a proximal mobilization 
stretching (in addition to traditional physi-
cal therapy) accelerates functional recovery of 
the knee complex (by analytical impact on the 
truncated structures).
4. The most effective is a complex manual-ther-
apeutic approach, combined with appropriate 
stretching techniques and ability to perform in 
terms of proximal or distal fixation, for a cor-
rection of the motor deficit. 
5. Our structured and approved methodology is 
not only convenient and easy to use but high-
ly effective in patients after arthroscopic men-
iscectomy and shaped motor dysfunction. It re-
duces arthrogenic pain, increases the volume of 
movement, restores intra-articular and phys-
iological mobility, stimulates muscle trophic-
ity, improves isometric muscular endurance, 
increases the muscle strength and overcomes 
muscle weakness, produces arthrokinematic 
recovery of the knee complex, and improves the 
stability gait.
Observations allow us to offer a methodology 
to be implemented in the general practice rehabili-
tation of patients after meniscal ruptures treated by 
arthroscopic meniscectomy and motor deficits who 
cannot benefit from routine rehabilitation.
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